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(54) Polymer fine particles for jet ink, process for producing the same, and jet ink comprising the 
same 

(57) The present invention provides polymer fine 
particles for a jet ink, each polymer fine particle contain- 
ing a colorant, wherein the polymer fine particles have 
an average particle diameter in the range of 5 to 700 
nm, a maximum particle diameter of at most 1000 nm, 
and a particle size distribution, at m value of shape 
parameter according to the Weibull distribution, of at 
least 1.3, and wherein the polymer fine particles are 
able to form a coating film at room temperature. By 
using the aforementioned polymer fine particles as 
essential components according to the present inven- 
tion, it is possible to provide polymer fine particles for a 
jet ink which display a superior storage stability, resist- 
ance to wear, durability, water resistance, solvent resist- 
ance, chemical resistance and the like, in which there is 
no clogging of the ink jet; and a jet ink comprising the 
aforementioned polymer fine particles which produces 
clear prints over a long period of time wherein smudging 
of the printed matter due to water or sweat does not 
easily occur. 
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Description 

Background of the Invention 

5 Field of the Invention 

The present invention relates to polymer fine particles for a jet ink, process for producing the same, and a jet ink 
comprising as an essential component said polymer fine particles for a jet ink. 

The polymer fine particles for a jet ink according to the present invention contain a colorant and have an average 
w particle diameter in the range of 5 to 700 nm, a maximum diameter of at most 1000 nm, and a particle size distrbution, 
at m value of shape parameter according to the Weibull distribution, of at least 13 

The polymer fine particles for a jet ink according to the present invention are stable in a dispersion medium such 
as water and the like, and are able to form a coating film at room temperature. Moreover, the aforementioned polymer 
fine particles form a coating film which is insoluble in acetone. In addition, the ink comprising the polymer fine particles 
15 according to the present invention displays a superior durability and is ideal for use in ink jet recording systems. 

Background Art 

The ink jet recording system, with no waste of ink and the ability to use standard paper, affords many advantages 
20 such as being economical, wherein high grade printing, in which coloring is easily accomplished, is possible with limited 
noise at the time of printing. 

However, since aqueous inks primarily comprising water-soluble resins are mainly employed as the ink in the above 
ink jet recording system, conventionally, significant drawbacks exist when these inks are applied to practical use, such 
as generation of smudging of the printed matter due to water or sweat, frequent blurring of the printed copies, as well 

25 as an inferior durability and resistance to wear. 

In order to improve these drawbacks, numerous experiments are being conducted which use a binder instead of 
the conventional water-soluble resin. For example, in Japanese Patent Application, Second Publication No. Sho 58- 
45272, an ink is disclosed which comprises an aqueous medium and dye-containing pdyur ethane latex particles which 
are formed by means of adding a hydrophobic dye to polyurethane latex, previously prepared from a polyol and diiso- 

30 cyanate, which possesses particles of 0.01 to 1 .0 microns in diameter, under the presence of an organic solvent such 
as an acetone-ethyl acetate mixed solvent or the like, and then mixing them. 

Additionally, in Japanese Patent Application, First Publication No. Sho 62-95366, a method is disclosed for produc- 
ing an ink by means of dissolving in a water-insoluble organic solvent, a polymer that is soluble in an organic solvent 
and an organic oil-soluble dye; the resultant mixture is then suspended in water, dried and redispersed into 0.3 - 1 .0 

35 micron fine particles which contain a dye to form the ink. 

Furthermore, in Japanese Patent Application, First Publication No. Hei 6-145570, with regard to an ink for use in 
ink-jet recording which comprises a pigment and high polymer dispersing agent, and is prepared using a water-insolu- 
ble resin emulsion, such as a polyacrytic ester emulsion, a method is disclosed for obtaining a high-grade ink which is 
free of smudging by means of specifying the compositional ratio thereof. 

40 Unfortunately, these aforementioned processes do not exhibit sufficient improvements with regard to the conven- 
tional drawbacks. 

Summary of the Invention 

45 Consequently, in an attempt to solve these problems, it is an object of the present invention to provide polymer fine 
particles for a jet ink which display superior storage stability, resistance to wear, durability, water resistance, solvent 
resistance, chemical resistance and the like, in which there is no clogging of the ink jet; and an ink for a jet ink compris- 
ing the aforementioned polymer fine particles which produces clear prints over a long period of time wherein smudging 
of the printed matter due to water or sweat does not easily occur. — " 

so In order to accomplish the aforementioned, the inventors of the present invention, as a result of intensive research, 
have achieved the present invention which solves the problems of the conventional art by means of using in an ink jet 
recording system, polymer fine particles, preferably ur ethane-based polymer fine particles possessing a crosslinked 
molecular structure, each containing a colorant, which are insoluble in organic solvents and are able to form a coating 
film at room temperature. m 

55 Specifically, the present invention is characterized in comprising polymer fine particles for a jet ink, wherein said 
polymer fine particles, each polymer fine particle containing a colorant, are able to form a coating film at room temper- 
ature and have an average particle diameter in the range of 5 to 700 nm, a maximum diameter of at most 1 000 nm, and 
a particle size distribution, at m value of shape parameter according to the Weibull distrfoution, of at least 1 3 
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The polymer fine particles for a jet ink according to the present invention are characterized in being insoluble in an 
organic solvent, particularly when said organic solvent is acetone, wherein each polymer fine particle possesses a 
crosslinked molecular structure. 

The polymer fine particles for a jet ink according to the present invention are characterized in that each polymer 

5 fine particle is a urethane-based fine particle, particularly a urethane-based fine particle containing molecules having 
substituerrts capable of forming an ion pair. Furthermore, a carboxyl group is preferably used as the aforementioned 

substrtuent capable of forming an ion pair. - 

In addition, the polymer fine particles tor a jet ink according to the present invention are characterized in possessing 
a spherical shape, wherein said polymer fine particles comprise a urethane-based fine particle obtained by means of 

w reacting a polyol (A) having a substrtuent capable of forming an ion pair, a polyisocyanate (B), and a potyamine (C) such 

that said urethane-based fine particle comprises a polyurethane-polyurea structure. 

In addition, the present invention comprises a process for producing polymer fine particles for a jet ink, which com- 
prises the steps of: preparing a mixture of a polyol (A) having a substrtuent capable of forming an ion pair and a color- 
ant; and preparing urethane-based fine particles using said mixture. 

is That is to say, a process for producing polymer fine particles for a jet ink in which an organic phase is prepared by 
mixing a polyol (A) having a substrtuent capable of forming an ion pair and a polyisocyanate (B), in the presence of a 
non-reactive solvent as necessary, is in the scope of the present invention. This process for producing fine particles for 
a jet ink in which the polyol (A) having a substrtuent capable of forming an ion pair is that having a carboxyl group in the 
molecule is also in the scope of the present invention. 

20 Namely, the present invention comprises a process for producing polymer fine particles for a jet ink, which com- 
prises the steps of: 

preparing a mixture of a polyol (A) having a substrtuent capable of forming an ion pair and a colorant; 
preparing an organic phase by mixing said mixture and a polyisocyanate (B), in the presence of a non-reactive 
solvent; and 

25 preparing urethane-based fine particles using said organic phase and a polyamine (C); 

wherein molecules of said polyol (A) having a substrtuent capable of forming an ion pair preferably contains a 
carboxyl group. 

More concretely, the process for producing polymer fine particles for a jet ink according to the present invention is 
characterized in that said polyisocyanate (B) has the equivalent weight of at least 1 with respect to the sum total of the 

30 equivalent weight of hydroxy! groups in said polyol (A) and the equivalent weight of amino groups having active hydro- 
gens in said polyamine (C). Alternatively said polyisocyanate (B) has the equivalent weight of at least 1 with respect to 
the sum total of the equivalent weight of hydroxy! groups in said polyol (A) containing a carboxyl group, and the equiv- 
alent weight of active hydrogens in said polyol (A) containing a carboxyl group and said polyamine (C). 

In addition, the process for producing polymer fine particles for a jet ink according to the present invention is further 

35 characterized in that said carboxyl group contained in the aforementioned molecule of said polyol (A) is neutralized with 
a base to form a salt. Furthermore, the present invention is characterized in comprising a jet ink which comprises as an 
essential component said polymer fine particles for a jet ink. 

Consequently, the present invention is able to provide polymer fine particles for a jet ink which display superior stor- 
age stability, resistance to wear, durability, water resistance, solvent resistance, chemical resistance and the like, in 

40 which there is no clogging of the ink jet; and a jet ink comprising the aforementioned polymer fine particles which pro- 
duces clear prints over a long period of time wherein smudging of the printed matter due to water or sweat does not 
easily occur. 

Detailed Description of the Preferred Embodiments 

45 

In the following, the details of the present invention will be concretely described. Furthermore, the term "jet ink" and 
"ink jet ink" are generally employed in reference to an ink for use in recording and/or printing according to an ink jet sys- 
tem. 

Numerous examples are known which use the terms "ink for use in ink jet recording system", "ink jet printing ink" 
so or "ink jet ink", however, the present invention will refer to these inks as simply "jet ink". 

The present invention relates to polymer fine particles for a jet ink, wherein said polymer fine particles, each poly- 
mer fine particle containing a colorant, are insoluble in an organic solvent and have an average particle diameter in the 
range of 5 to 700 nm, a maximum particle diameter of at most 1000 nm (1 jim), and possess a uniform particle size 
having the particle size distribution, at m value of shape parameter according to the Weibull distrixjtion, of at least 1 .3; 
55 and a jet ink comprising said polymer fine particles. 

It is necessary that each of the polymer fine particles according to the present invention should contain a colorant: 
in other words, the aforementioned colorant is fundamentally contained within the fine particle in a uniform manner. In 
addition, the aforementioned polymer fine particles which are insoluble in an organic solvent refer to fine particles which 
comprise polymer components that possess a crystalline structure, polymer components that are not readily dissolved, 
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or the like; preferably, these polymer fine particles possess a crosslinked molecular structure. In the above case, the 
organic solvent generally refers to acetone because of the desirable properties that it imparts when used in jet ink. 

However, the organic solvent for use in the jet ink can be changed as necessary and includes, for example, joint 
use of acetone and butanol, or methyl ethyl ketone, or the like. The standard employed for determining insolubility in an 
5 organic solvent such as acetone or the like involves immersing a coating film, formed by coating, drying and aging the 
polymer fine particles of the present invention at room temperature, for an entire day and night at room temperature. 
Those substances which, upon removal, comprise an insoluble component of at least 50% are determined to be insol- 
uble for the context of the present invention. 

With regard to the polymer fine particles for a jet ink according to the present invention, the jet ink formed thereof 
w is used in recording by passing through a minute nozzle of the ink jet. Thus, it is necessary to precisely control the par- 
ticle size of the aforementioned polymer fine particles. In this manner, the polymer fine particles for a jet ink according 
to the present invention have an average particle diameter in the range of 5 to 700 nm, and a maximum particle diam- 
eter of at most 1 000 nm (1 \im). 

In addition, in the production of the aforementioned, tight control over the average particle diameter, maximum par- 
ts tide diameter and particle size distribution is required; it is important to note that fine particles possessing a spherical 
shape and uniform particle size can also be produced by setting and controlling the fine particles to a particular particle 
size, in addition to optionally determining the control standard thereof. 

Normally, the polyurethane-polyurea particle of the present invention takes on an approximate spherical shape 
from the production process thereof, with the particle diameter similarly requiring a sphere as the basic shape. Since 
20 the resultant particles normally comprise a large number of particles of various particle diameters, it is necessary to 
express the above structure using an average particle diameter and particle size distribution. 

As an ideal method relating to the numerical control of particle size, the inventors of the present invention have 
already reported (Kobunshi Ronbunshu, Vol. 50, No. 5, 1993) a method that is capable of expressing the particle size 
distribution of fine particles using the m value of the shape parameter according to the Weibull distribution, which is 
26 widely employed in the conventional art. 

Generally, the average particle diameter can refer to the average number, average length, average area or average 
volume of particles. However according to the present invention, the average particle diameter will refer to the average 
volume, which is normally employed. In addition, the Weibull distribution is expressed by the following Formula 1 . 

30 F(t) = 1 - exp [-(t/T|) ™] (Formula 1 ) 

(In the formula, F(t) represents the Weibull distribution function, t is the particle diameter, r\ is the scale parameter, 
and m is the shape parameter.) 

Furthermore, a higher m value of the shape parameter expressing the particle size distribution according to the 

35 Weibull distribution indicates greater uniformity of particle size, i.e., a higher m value indicates a sharper particle size 
distribution. Since it is obviously not possible to completely express all particle size distributions by means of the Weibull 
distribution, the value closest to the maximum limit will be used. 

The particle size distribution of the polymer fine particles according to the present invention at m value is at least 
1 .3, preferably at least 1 .5, and more preferably at least 1 .8. 

40 In addition, the polymer fine particles according to the present invention, as mentioned above, are able to form a 
coating film at room temperature, and are preferably insoluble in organic solvent. From the standpoint of properties 
which are desirable for a jet ink, the polymer fine particles according to the present invention preferably comprise ure- 
thane-based crosslinked fine particles possessing a superior durability and the like, and more preferably comprise ure- 
thane-based crosslinked fine particles possessing a crosslinked molecular structure which contains urethane bonds. 

45 Various documents exist, as described in the following, which relate to processes for producing urethane-based 
crosslinked fine particles possessing the aforementioned average diameter. For example, in (a) Japanese Patent Appli- 
cation, Second Publication No. Hei 3-12563, a process is disclosed in which urethane-based crosslinked fine particles 
are produced as an aqueous dispersion by means of jointly using a polyur ethane prepolymer containing a quaternary 
ammonium group and possessing a terminal isocyanate group with serf -dispersing properties, and a muttifunctional 

so polyisocyanate, and diluting these compounds with an organic solvent followed by dispersion and removal of the sol- 
vent. Similarly, (b) Japanese Patent Application, First Publication No. Hei 3-128912 and (c) Japanese Patent Applica- 
tion, First Publication No. Hei 4-249517 disclose processes in which urethane-based crosslinked fine particles are 
produced as an aqueous dispersion by means of jointly using a polyurethane prepolymer possessing a terminal isocy- 
anate group with serf-dispersing properties and a multifunctional polyisocyanate, as described in the aforementioned 

55 document, and dispersing these compounds into water which contains a polyamine. 

In addition, as an improved urethane-based crosslinked fine particle, the inventors of the present invention have 
produced (d) urethane-urea crosslinked fine particles obtained by means of dispersing a polyol possessing substrruents 
capable of forming an ion pair and a polyisocyanate into water which contains a polyamine. 
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Furthermore, the nomenclature of the aforementioned urethane-urea crosslinked fine particle is based on the prob- 
able structure as predicted from the compositional organization and production procedure employed in the formation of 
a conventional fine particle. However, research results obtained recently by the inventors of the present invention which 
pertain to the structural analysis of urethane fine particles possessing comparatively large particle diameters, have 
5 shown the aforementioned probable structure to be correct (Preprints of the 5th SPSJ Intematbnal Polymer 
Conference, page 43). 

With regard to the polymer fine particles tor a jet ink according to the present invention, all of the urethane-based 
crosslinked fine particles disclosed in the aforementioned documents (a) ~ (d) are preferred when compared to the con- 
ventional fine particle; however, among these aforementioned urethane-based crosslinked fine particle, the polymer 

10 fine particles described in (d) are, in particular, preferred. 

In other words, according to the above documents (a) ~ (c), rt is necessary to disperse a colorant into an isocyanate 
prepolymer possessing an isocyanate group at the molecular terminal. However, since isocyanate groups are sensitive 
to water and moisture, these fine particles are susceptible to the water content of the colorant as well as the moisture 
contained in the air, and thus much care is required to ensure quality stabilization during production thereof. 

15 In contrast, when the polymer fine particles (d) produced by the inventors of the present invention are used to pro- 
duce polymer fine particles for a jet ink, a good stability with regard to the colorant results, and it is possible to suffi- 
ciently disperse the colorant into the polyol, having a substttuent capable of forming an ion pair, beforehand in a stable 
manner without fear of decomposition. 

Subsequently, the production of the crosslinked polymer fine particles for a jet ink according to the present inven- 

20 tion can be performed in an extremely simple and stable manner, as described in the following. After mixing the afore- 
mentioned polyol and polyisocyanate, and adjusting, as necessary, the viscosity by diluting with an organic solvent and 
dispersing the mixture in water containing a polyamine, a shell is formed on the surfaces of the fine particles by means 
of the urea-forming reaction between the isocyanate groups and amine groups. Furthermore, the interior portions of the 
fine particles are then crosslinked and cured by means of the urethanization reaction between the isocyanate groups 

25 and hydroxyl groups within the polyol molecules to yield the crosslinked polymer fine particles for a jet ink of the present 
invention wherein each particle contains a colorant. 

The urethane-based crosslinked fine particle which are particularly desirable in the jet ink of the present invention 
are polymer fine particles, preferably urethane-based crosslinked fine particle, which are insoluble in organic solvent 
and have an average diameter in the range of 5 to 700 nm, a maximum diameter of at most 1000 nm, and a particle 

30 size distribution, at m value of shape parameter according to the Weibull distribution, of at least 1 .3, wherein the poly- 
mer fine particles are able to form a coating film at room temperature. 

Crosslinked fine particles that are suitable as the aforementioned fine particle contain a colorant and are formed by 
means of reacting a polyol (A) having a substrtuent capable of forming an ion pair, a polyisocyanate (B), and a 
polyamine (C) as essential components. Furthermore, in the aforementioned case, the urethane-based crosslinked 

35 particle is normally obtained in the form of an aqueous dispersion. 

The polyol (A) having a substrtuent capable of forming an ion pair for use in the present invention is a polyol with a 
number average molecular weight of 300 ~ 10,000 which imparts hydrophilic properties by forming ions in the presence 
of a substrtuent capable of forming an ion pair, and which further displays reactivity to polyisocyanate, possessing at 
least two hydroxyl groups. 

40 For example, there can be mentioned a polyol having a number average molecular weight of 300 ~ 1 0,000 and pos- 
sessing a carboxyl group which is obtained by means of neutralizing the carboxyl group using a base such as an amine, 
ammonia or the like to form a salt. As the substrtuent capable of forming an ion pair, there can be mentioned carboxyl 
groups, sulfonic groups, phosphoric esters, tertiary amino groups and the like. 

Among the aforementioned, carboxyl groups can be mentioned as an example of a preferred substrtuent because 

45 of the ease in which various properties of the fine particles can be balanced, as well as due to the ease in operation. In 
other words, an ion pair can be easily produced by means of forming a quaternary salt from a polyol possessing a car- 
boxyl group by means of neutralizing the carboxyl group using a base, such as an amine or the like. Normally, poiyots 
possessing a carboxyl group can be easily produced by means of conventional methods. Particularly representative 
examples of the aforementioned polyol include carboxyl group-containing polyurethane polyols, acrylic poryols, poJyes- 

50 ter polyols, lactone-modified polyester poryols, polyester amide polyols, alkyd poryols, rosin-modified alkyd polyols. phe- 
nol resin-modified rosin esters, polyether polyols, polythioether polyols, polycarbonate polyols, polyacetal polyols, 
polyolefin polyols, epoxy-modrfied polyols, silicone-modified polyols, fluorocarbon polyols and the like. 

Of course it is also possible to use a polyol possessing an amino group instead of the aforementioned carboxyl 
group-containing polyols as the polyol (A) having a substrtuent capable of forming an ion pair. 

55 With regard to the aforementioned representative examples of a polyol (A) having a substrtuent capable of forming 
an ion pair, examples of the starting materials and manufacturing methods are provided in the following. 

(a) As a polyurethane polyol there can be mentioned a polyol possessing a carboxyl group produced by means of 
reacting at least one compound selected from a bifunctional alcohol such as ethylene glycol. 1 ,3-propanediol, 1 ,2- 
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butanediol, 1 ,3-butanediol, 1 ,5-pentanediol, neopentyl glycol, 1 ,6-hexanediol, l^-bisfhydroxymethyOcyclohexane, 
bisphenol A, hydrogenated bisphenol A, hydroxypivalyl hydroxypivalate and the like, a Afunctional or higher alcohol 
such as trimethylol ethane, trimethyiolpfopane, glycerin, hexanetriol, pentaerythritol and the like, polyether polyols 
such as polypropylene glycol, polypropylenetriol, potytetramethylene glycol and the like, and/or a polyol of the 
aforementioned; at least one diisocyanate compound (monomer) to be mentioned hereafter and/or polyisocyanate 
derived therefrom; and a diol containing a carboxyl group such as dimethylolpropionic acid and the like. 

(b) As an acrylic polyol, there can be mentioned an acrylic polymer possessing a hydroxyl group and carboxyl 
group within its molecular structure which is formed by means of copolymerizing a hydroxyl group-containing 
acrylic monomer, e.g., p-hydroxyethyl methacrylate, p-hydroxypropyl methacrylate, p-hydroxyethyl acrylate, p- 
hydroxypropyl acrylate and the like; a carboxyl group-containing monomer such as methacrylic acid, itaconic acid, 
and the like; and another acrylic monomer that can be copolymerized with the aforementioned monomers, e.g., 
methyl methacrylate, butyl methacrylate, 2-ethylhexyl methacrylate, ethyl acrylate and the like, d butyl maleate, sty- 
rene and the like. Furthermore, it is also possible to easily produce a compound possessing an optional number of 
hydroxy! groups in the same molecule by means of adjusting the design of the aforementioned carboxyl group-con- 
taining polyol. 

(c) As a polyester polyol. there can be mentioned any polyester polyol possessing a residual carboxyl group pro- 
duced by means of performing copolycondensation of at least one polyhydric alcohol, as mentioned above, and a 
polycarboxylic acid. Representative examples of the aforementioned poJycarboxylic acid include the following: adi- 
pic acid, sebadc acid, azeiaic acid, phthalic acid, tetrahydrophthalic acid, hexahydrophthalic acid, maleic acid, 
fumaric acid, citraconic acid, itaconic acid, 1 ,2,5-hexatricarboxylic acid, 1 ,4-cycfohexanedicarboxylic acid, 1,2,4- 
benzenetricarboxyfic acid, 1,2,5-benzenetricarboxylic acid, 1 ,2,4-cyclohexanetricarboxylic acid, 2,5,7-naphthalen- 
etricarboxylic acid and the like. 

(d) As a lactone-modrfied polyester polyol there can be mentioned a lactone-based polyester polyol possessing a 
residual carboxyl group which can be easily obtained, for example, by means of performing a ring-opening polym- 
erization using a polyester polyol described in (a) above, and a lactone such as e-caprolactone, 6-valerolactone, 3- 
methyl-6-valerolactone and the like. 

(f) An alkyd polyol can be easily produced, for example, by means of using a monoglyceride obtained by transes- 
terrf ication of fat and/or oil with glycerin in place of the brfunctional alcohol in the preparation of a polyester polyol 
described in (a) above. 

(g) A polyether polyol can be obtained from the urethanization reaction product of at least one polyether glycol or 
trfol such as polyoxyethylene glycol, polyoxypropylene glycol, polyoxypropylenetriol, polyoxytetramethylene glycol, 
polyoxypropyleneoxytetramethylene glycol copolymer and the like; at least one multrfunctional polyisocyanate; and 
a carboxyl group-containing diol such as dimethylolpropionic acid and the like; or by means of copolymerizing at 
least one of the aforementioned polyether polyols with a polycarboxylic acid. 

(i) As a polythioether polyol there can be mentioned carboxyl group-containing polythioethers formed by means of 
a condensation reaction between a thiocfiglycol; an aforementioned polyhydric alcohol, polycarboxylic acid, formal- 
dehyde, amino alcohol or aminocarboxylic acid; and a carboxyl group-containing diol such as dimethylolpropionic 
acid and the like. 

(j) As a polycarbonate polyol there can be mentioned carboxyl group-containing polyols formed by means of react- 
ing an aforementioned polyhydric alcohol and a carboxyl group-containing did such as dimethylolpropionic acid or 
the like with a diaryi carbonate, e.g., diphenyl carbonate. 

(k) As a polyacetal polyol there can be mentioned carboxyl group-containing polyols formed, for example, by means 
of reacting a glycol, hexanediol or frimethytolpropane or the like, and a carboxyl group-containing diol such as 
dimethylolpropionic acid or the like, with formaldehyde. 

(I) As a polyolefin polyol there can be mentioned carboxyl group-containing polyols formed, for example, by means 
of adding maleic acid, itaconic acid and the like to a multifunctional butadiene prepolymer, isoprene prepolymer or 
the like possessing a terminal hydroxyl group. 

(m) As an epoxy-modified polyester polyol, there can be mentioned multifunctional polyols formed by means of 
jointly using at least one compound selected from among various epoxy compounds such as bisphenol A-type 
epoxy compounds, hydrogenated bisphenol A-type epoxy compounds, gfycidyf ethers of rnonohydric and/or pory- 
hyotic alcohols or glycidyl esters of monobasic and/or porybasic acids, at the time of synthesizing the aforemen- 
tioned polyester polyol. 

(n) As a silicone-modified polyol, there can be mentioned various silicone polyols formed by means of reacting a 
silicone compound, which is a polyol possessing a sifoxy bond within the molecule, containing a reactive group with 
one part of an aforementioned polyol starting material Particularly representative examples of a silicone com- 
pound containing a reactive group include: hydroxyl group-containing silicone compounds such as X-22-160-AS, 
X-22-160A, X-22-160B, X-22-160C and the like (produced by Shin-Etsu Chemical Co., Ltd.), SH-3746, SF-8428, 
SH-3771, BY-16-036, BY-16-027, BY-16-038 and the like (produced by Dow Corning Toray Silicone Co., Ltd.); 
amino group-containing silicone compounds such as X-22-161-AS, X-22-161A, X-22-161B, X-22-161Cand the like 
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(produced by Shin-Etsu Chemical Co., Ltd.), BY-16-828, BY-16-850, BY-16-841, BY-16-849, BY-16-872 and the like 
(produced by Dow Corning Toray Silicone Co., Ltd.); glycidyl group^containing silicone compounds such as X-22- 
163-AS, X-22-163A, X-22-163B, X-22-163C and the like (produced by Shin-Etsu Chemical Co., Ltd.), SF-8413, SF- 
841 1 and the like (produced by Dow Corning Toray Silicone Co., Ltd.); vinyl group-containing silicone compounds 

5 such as X-22-164-AS, X-22-164A, X-22-164B, X-22-164C and the like (produced by Shin-Etsu Chemical Co., Ltd.); 

and thiol group-containing silicone compounds such as X-22-167-AS, X-22-167A, X-22-167B, X-22-167C and the 
like (produced by Shin-Etsu Chemical Co., Ltd.). Trrfunctional or higher silicone polyols can be formed by means of 
reacting any of the various aforementioned reactive silicone compounds at the time of synthesizing an aforemen- 
tioned Afunctional or higher polyol. 

10 (o) As a f luorocarbon polyol, i.e., a polyol having molecules containing a fluorine atom, there can be mentioned car- 
boxyl group-containing multifunctional f luorocarbon polyols formed, for example, by means of copolymerizing a 
fluorovinyl monomer represented by vinylidene fluoride, tetrafluoroethylene, chlorotrifhx>roethylene, hexafluor ©pro- 
pylene, (per)fluoroalkyl ether (note: alkyl group contains 1-18 carbon atoms), and perfluoroalkyl trifluorovinyl 
ether in which the alkyl group contains 1 ~ 18 carbon atoms; a hydroxyl group-containing vinyl monomer; a car- 

15 boxyl group-containing vinyl monomer; and another vinyl monomer that is copolymerizable with the aforemen- 
tioned compounds. 

According to the present invention, it is possible to use any of the aforementioned polyols (A) atone or in combina- 
tions of two or more. In order to ensure that the interior portions of the polymer fine particles undergo sufficient 
20 crosslinkage, the number average molecular weight of polyol (A) is 300 - 50,000, preferably 500 ~ 30,000, and more 
preferably 1,000- 10.000. 

In addition, it is also possfole to use polyol (A) in the above reaction in a diluted state by dissolving the polyol (A) in 
an organic solvent. In the case when the substituent capable of forming an ion pair contained in polyol (A) is an acid 
group such as a carboxyl group or the like, this group is first neutralized using a base such as a tertiary amine, e.g., 

25 triethylamine, tripropylamine, tributylamine, or ammonia and the like to form a salt, i.e., a quaternary ammonium salt, 
and then used in the ion pair state. 

Hie aforementioned substituent capable of forming an ion pair can be easily introduced into polyol (A) according to 
the present invention. A representative example of this substituent capable of forming an ion pair is a carboxyl group. 
In the case of a polyol containing a carboxyl group, use of a compound with an acid concentration therein expressed by 

30 an acid value of 15 ~ 100, preferably 20 - 60, is effective in producing an aqueous dispersion of stable fine particles. 
When the acid value of the aforementioned polyol (A) is too low, the formation of fine particles possessing a fine particle 
size according to the present invention becomes difficult, while an acid value that is too high is similarly undesirable in 
terms of the properties, e.g., durability of the fine particles. 

Generally, examples of polyol (A) include polyester polyols, alkyd polyols, polyur ethane polyols, hydroxyl-group 

35 containing vinyl copolymers and the like. However, polyol (A) is not limited to these aforementioned polyols, as other 
polyols may also be used when necessary. 

On the other hand, conventional isocyanates are generally used as the isocyanates comprising the aforementioned 
poryisocyanate (B); among these conventional isocyanates, particularly representative examples include aromatic 
diisocyanates and triisocyanates such as tolylene diisocyanate, diphenylmethane 4,4*-diisocyanate, xylene diisocy- 

40 anate, naphthalene 1 ,5-diisocyanate, p-phenylene diisocyanate, dibenzyl diisocyanate, diphenyl ether diisocyanate, m- 
or p-tetramethylxyiene diisocyanate, triphenylrnethane triisocyanate and the like; aliphatic and aiicyclic compounds 
such as hydrogenated tolylene diisocyanate, hydrogenated diphenylmethane 4,4'-diisocyanate, 1 ,4-tetramethyiene 
diisocyanate, 1 ,6-hexamethylene diisocyanate, hydroxyl ene diisocyanate, cyclohexyl 1 ,4-diisocyanate, isophorone 
diisocyanate and the like. According to the present invention, at least one type of the aforementioned isocyanates may 

45 be used to comprise poryisocyanate (B) which, in turn, may be used alone or in combinations of two or more. 

Alternatively, various isocyanate prepolymers comprising Afunctional or higher derivatives of the aforementioned 
isocyanate monomers such as a poJyisocyanurate-based polyisocyanate, adduct-type polyisocyanate, biuret-type 
polyisocyanate and the like, can also be preferably used as polyisocyanate (B). 

Furthermore, particularly when desirable, it is also possible to use at least one urethane-modrf ied polyisocyanate 

so prepolymer possessing a terminal isocyanate group which can be obtained by means of conducting a urethanizatkxi 
reaction between at least one of the aforementioned isocyanate monomers or poly isocyanates; and at least one poly- 
hydroxy compound such as an aforementioned polyhydric alcohol, polyurethane polyols, acrylic polyols, polyester poly- 
ols, lactone-modified polyester polyols, polyester amide polyols, alkyd polyols, poly ether polyols, modified polyether 
polyols, polythioether polyols, polycarbonate polyols, polyacetal polyols, polyolef in polyols, epoxy -modified polyols, sil- 

55 icone polyols, f luorocarbon polyols and the like. 

With regard to the selection of polyisocyanate (B), use of an aliphatic and/or aiicyclic isocyanate monomer as the 
starting material isocyanate monomer is preferred from the standpoint of anti-weatherability and mechanical properties. 
Furthermore, use of isocyanate prepolymers thereof as the polyisocyanate (B) are preferred when considering the 
safety and toxicity during handling. 
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In order to produce crosslinked fine particles possessing superior properties, the number average molecular weight 
of polyisocyanate (B) is within the range of 100 ~ 3,000, preferably 200 - 2,000, and more preferably 400 ~ 1 ,500. 

An appropriate polyamine (C) for use in the present invention comprises a conventional diamine, polyamine or mix- 
ture thereof. Particularly representative examples of these polyamines include 1 ,2-ethylenediamine, bis(3-aminopro- 
pyl)amine, hydrazine, hydrazine-2-ethanol, bis(2-methylamirx)ethyl)methylarrHne ) 1 ,4-diaminocyclohexane, 3-amino-1- 
methylaminopropane, N-hydroxyethylethylenediamine, N-methylbis(3-amirK)propyl)amine, tetraethylenediamine, hex- 
amethylenediamine, 1 -ami noethyl-1 ,2-ethylenediamine, bis(N,N'-aminoethyr)-1,2-ethylenediamine, diethylenetriamine, 
tetraethylenepentamine, pentaethylenehexamine, phenyl enediamine, tolylenediamine, 2,4,8-thaminotoluene trihydro- 
chloride, 1 ,3,6-triaminonaphthalene, isophoronediamine, xylenediamine, hydroxylenediamine, 4,4-diaminophenyl- 
methane, hydrogenated 4,4'^aminodiphenylmethane, or silicone-based polyamines such as X-22-161-AS, X-22-161- 
A, X-22-161-B, X-22-161-C (produced by Shin-Etsu Chemical Co., Ltd.), BY-16-828, BY-16-850, BY-16-8417, BY-16- 
849, BY-16-872 (produced by Dow Corning Toray Silicone Co., Ltd.); and further polyamine monomer derivatives such 
as fluoropolyamines and the like comprising compounds formed by adding a perfluoroalkyl compound such as per- 
f luorooctyl chloride, pert luorooctyl surf ide and the like to a polyamine such as diethylenetriamine and the like. However,, 
from the standpoint of anti-weatherability, use of an aliphatic and/or alicyclic is preferred. 

As the colorant contained in the polymer fine parties joxaje*^^ it is possible 
to use either dyes or pigments, as long as the substance can be dissolved in an organi c solven t}?* dispersed in fine 
particles. Particularly representative examples of the aforementioned dye include azo dyes (e.g., yellow, red, orange, 
etc.), metal complex salt dyes, naphthol dyes, anthraquinone dyes (e.g., violet, blue, etc.), triarylmethane dyes (violet), 
azine dyes (purplish red), indigo dyes, carbonium dyes, quinoimine dyes, cyanine dyes, quinoline dyes, nitro dyes, 
nrtroso dyes, benzoquinone dyes, naphthoquinone dyes, naphthalimide dyes, perinone dyes, phthalocyanine dyes and 
the like. ^ 



Examples of the aforementioned pigment include insoluble azo pigments (e.g., yellow • * • Disazo Yellow AAA, 
Disazo Yellow AAMX, Fast Yellow 10G, etc.; orange • • • Disazo Orange PMT, Dianisidine orange, etc.), Azo Lake red 
pigments (e.g., red • • • Watchung Red (Ba), (Ca), (Sr), Lake Red C, Brilliant Carmine 6B, etc.), quinacridone pig- 
ments (e.g., red • • • Quinacridone Magenta; purple • • • Quinacridone Red, etc.), phthalocyanine pigments (e.g., 
blue • • • copper phthalocyanine blue - a-type, p-type, non-crystalline, non-cohesive p-type; green • • • copper 
phthalocyanine green, etc.), and the like. 

With regard to the amount of the dye or pigment to be contained in the jet ink comprising, as an essential compo- 
nent, the polymer fine particles for an ink jet according to the present invention, since the amount of the polymer fine 
particles contained in the ink is 1 ~ 50% by weight, by means of using 1 ~ 30% by weight of the dye or pigment in the 
polymer fine particles, the dye or pigment will be contained in an amount of 2 - 10% by weight of the entire ink. 

As a general procedure for producing the desired polymer fine particles of the present invention, the processors^ 
closed above by the inventors of the present invention can be mentioned. Specifically, the fine particles of the present 
invention, i.e., the urethane-based crosslinked fine particles are obtained by means of preparing a mixture of a polyol 
(A) having a substrtuent capable of forming an ion pair, e.g., a polyol containing a carboxyl-group, and a colorant; neu- 
tralizing (quaternary salt formation) this mixture using a tertiary amine or ammonia, and immediately mixing with a 
polyisocyanate (B); and then dispersing this mixture into a medium containing a polyamine (C) normally an aqueous 
medium, followed by aging thereof. 

In the process for producing the aforementioned fine particles, the polyisocyanate (B) has the equivalent weight of 
at least 1 .0 with respect to the sum total of the equivalent weight of hydroxyl groups in polyol (A) and the equivalent 
weight of amino groups in polyamine (C). 

More concretely, the ratio of the equivalent weight of the hydroxyl groups in polyol (A) possessing a substituent 
capable of forming an ion pair to the equivalent weight of isocyanate in polyisocyanate (B) is 0.1 :1 ~ 0.9:1 , preferably 
0.1:1 - 0.8:1, and more preferably 0.2:1 -0.7:1. It is also desirable for the mixture, obtained by mixing these two com- 
ponents according to the aforementioned range, to form a three-dimensional crosslinked composition. 

In other words, at the time of running the urethanization reaction to completion, it is necessary combine the mixture 
such that a gel is formed without dissolving in the solvent. In addition, the polyamine (C) is combined at an equivalent 
weight of 0.2 ~ 1 .0, preferably 0.3 - 1.0, and more preferably 0.4 ~ 0.9 per one equivalent weight of the isocyanate 
group. 

With regard to the polymer fine particles for a jet ink according to the present invention, by promoting a three- 
dimensional urethanization reaction within the interior of the fine particle, it is possible to improve the overall of tough- 
ness and solvent resistance of the particle which were unattainable according to the conventional technology For the 
three-dimensional urethanization reaction, it is not necessary for the entire polyol (A) and/or polyisocyanate (B) to have 
trrfunctional or higher functional groups, however, it is required that at least a portion of the polyol (A) and/or polyisocy- 
anate (B) comprise a trrfunctional or higher functional group. In addition, it is also effective to add a trrfunctional or 
higher polyamine as well. 

In other words, it is possible to obtain an excellent three-dimensional crosslinked structure within the particle inte- 
rior by using, as the reaction components, a polyol (A) and/or polyisocyanate (B) possessing a trifunctfonal or higher 
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functional group in an amount not less than 0.1 molar percent, preferably not less than 0.2 molar percent, and more 
preferably not less than 0.3 molar percent of the total amount of polyol (A) and polyisocyanate (B), with the remaining 
portion comprising a polyol and/or polyisocyanate possessing normal Afunctional ion-forming capacity. 



The three-dimensional crosslinked structure of the present invention comprises a gel component ratio of at least 



5 50%, preferably at least 60% and more preferably at least 70%, according to a gel component ratio measuring method 



following 24 hours of immersion in acetone. * 

In the present invention, it is also possible to improve the dispersbility in the aqueous phase by means of reducing 
the viscosity of the mixture by adding a nonreactive organic solvent, as needed, to the organic phase that is to be dis- 
persed in the aqueous phase. Any organic solvent can be used as long as it does react with the polyol (A) containing 
10 an ion forming group, polyisocyanate (B), organic metal catalyst (catalyst promoting urethane formation ), an d, 
polyamine (C). 

Examples of this solvent include esters, ethers, ketone-type hydrocarbons, aromatic hydrocarbons, and aliphatic 
hydrocarbons. In particular, ethyl acetate, butyl acetate, methyl ethyl ketone, acetone, cyctohexanone, toluene, xylene, 
cyclohexane. methylcyclohexane, diphenyi ether, N-methyl-2-pyrrolidone, mineral spirits and the like. It is also possible 





is to remove or substitute these solvents as needed by treating with heat, applying reduced pressure, or conducting sol- 
vent substitution during or after the formation of the fine particles. 

In addition, inclusion of at least one of the following compounds in the aqueous phase into which the aforemen- 
tioned organic phase is dispersed, will not hinder the present invention; the aforementioned compound being selected 
from among various surface active agents such as nonionic, anionic, or cationic surface active agents; various protec- 
20 tive colloids such as polyvinyl alcohol, hydroxyalkyl cellulose, carboxyalkyl cellulose, gum arabic, polyacryiate, polyacr- 
ylamide, polyvinylpyrrolidone, ethylene-maleic anhydride copolymer and the like. However, when, in particular, water 
resistance is required, use of an aforementioned surface active agent or protective colloid is undesirable. 

A characteristic of the present invention is the aggressive promotion of a urethanization reaction in the interior of 
the urethane-based fine particles; however, according to the conventional technology, the reaction speed of a urethani- 
25 zation reaction between a hydroxyl group and isocyanate group (particularly when the isocyanate group belongs to an 
aliphatic or al icy die compound) has a tendency to be quite slow when compared with a urea-forming reaction with an 
amino group. 

As conventionally known, the reactivity of water and an isocyanate group is extremely low (stow) when compared 
to the reactivity with a hydroxyl group. In addition, normally, isolated effects can be obtained by means of creating an 

30 external wall by addition of a polyamine (C). In this manner, it is possible to ignore the permeation of water into the fine 
particle interior, which in turn allows the desired urethanization reaction within the fine particle interior to occur upon 
raising the reaction temperature and allotting time for the reaction. However, promotion of this aforementioned reaction 
is preferred by means of employing a organic metal catalyst. 

As this organic metal catalyst, it is possible to use at least one of the following conventional compounds which pro- 

35 motes the reaction between an isocyanate group and hydroxyl group: cobalt naphthenate, zinc naphthenate, tetra-n- 
butyftin, tri-n-butyltin acetate, n-butyrtin chloride, trimethyltin hydroxide, dimethyrtin dichloride, dibutyltin diacetate, dib- 
utyttin dilaurate, tin octenate, potassium oleate, and the like. 

In other words, by adding 5 ~ 10,000 ppm, preferably 8 ~ 5,000, and more preferably 10 ~ 10,000 of the aforemen- 
tioned organic metal catalyst to the organic phase, it is possible to obtain tough crosslinked fine particles in an 

40 extremely short period of time. 

As the method for adding the catalyst, it is possible to obtain a polyurethane-polyurea crosslinked fine particle dis- 
persion by means of performing the catalyst addition in between dispersion of the organic phase into the aqueous 
phase and addition of the polyamine (C). However, it is even more desirable to add the catalyst to the organic phase 
before performing the aqueous dispersion (fine particle dispersion). 

45 By means of adding the aforementioned catalyst to the organic phase before performing the aqueous dispersion 
(fine particle dispersion), it is possible to achieve a more uniform dispersion of the catalyst into the polyol ^-polyiso- 
cyanate (B) mixture within the organic phase without incurring the effects of water, as opposed to when adding the cat- 
alyst following aqueous phase dispersion. This in turn imparts even more desirable results in that the crosslinking within 
the interior of the fine particles becomes uniform, and a high quality polyurethane-polyurea crosslinked fine particle dis- 

so persion is produced. 

Addition of the aforementioned catalyst following addition of the polyamine (C) is undesirable since this procedure 
tends to reduce the promotion of the urethanization reaction within the fine particle interior because of the difficulty 
encountered in incorporating the catalyst into the fine particle interior due to the continued formation of the fine particle 
external wall. 

55 As the colorant to be incorporated into the polymer fine particles of the present invention, it is possible to use any 
of the aforementioned dye and/or pigments. 

In the case when polymer fine particles are manufactured according to the present invention, the colorant to be 
incorporated into the fine particle can be previously dispersed and incorporated or dissolved in the polyol (A) of the 
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organic phase. As a result, it is extremely easy to produce fine particles displaying an enhanced stability with regard to 
quality. 

In addition, when particularly desirable, it is also possible to incorporate other materials into the polymer fine parti- 
cles of the present invention other than a colorant. Such "core" material for incorporation is introduced into the organic 

5 phase, and then incorporated into the polyurethane-polyurea crosslinked fine particle dispersion interior. The range, 
type, etc. of the "core" material is not particularly limited, and can encompass a wide variety of compounds. The main 
"core" material in the present invention is obviously a colorant, however, it is also possible, depending on the case, to 
jointly use a perfume, magnetic material, foaming agent, and the like. 

When designing the polymer fine particle, by appropriately selecting various conditions such as the type of substrt- 

w uent forming an ion pair contained in polyoJ (A) comprising the organic phase, usage amount, degree of neutralization 
or stirring speed, reaction temperature, etc. of the dispersion process, it is possible to freely design and adjust the 
crosslinking density and particle diameter of the polymer fine particles for a jet ink. 

The average particle diameter of the polymer fine particles according to the present invention can be easily meas- 
ured by means of a dynamic light scattering measuring method, e.g., by means of a particle size distribution measuring 

15 system such as "Photal LAP-3000/3100" (manufactured by Otuka Electronics Co., Ltd.). The average particle diameter 
of the polymer fine particles for a jet ink according to the present invention is in the range of 5 ~ 700 nm, preferably 10 
~ 500 nm, with a maximum particle diameter of at most 1000 nm, preferably 800 nm or less. The particle size distribu- 
tion of these aforementioned polymer fine particles, at m value of shape parameter according to the Weibull distribution, 
is at least 1 .3. preferably at least 1.5, and more preferably at least 1 .8. 

20 An average particle diameter exceeding 700 nm is undesirable since clogging of the ink jet results. In addition, 
when scattering of the particle diameter is large, i.e.. when the particle size distribution at m value of shape parameter 
according to the Weibull distribution is 1.2 or lower, it is not to say that such particles cannot at all be used as polymer 
fine particles for a jet ink, however, clogging within the ink jet apparatus occurs easily as a result their use. Furthermore, 
since particles with a maximum particle diameter exceeding 1 000 nm are undesirable but easily formed, it is also pos- 

25 stole to remove such polymer fine particles comprising large particle diameters by means of a filtering member or the 
like possessing an pore diameter of approximately 0.1 ^m. 

The most important feature of the polymer fine particles for a jet ink according to the present invention is that the 
polymer fine particles are able to form a coating film at room temperature and are insoluble in organic solvent. There- 
fore, by using the polymer fine particles tor a jet ink according to the present invention, it is possible to obtain superior 

30 properties which were not observed by means of the conventional technology. 

Ink jet systems include a thermal bubble jet system, piezoelectric system, continuous system, and the like, wherein 
it is necessary to change the viscosity, composition, etc. of the jet ink according to the system; however, by using the 
polymer fine particles tor a jet ink according to the present invention, it is possible to adapt the jet ink to any of these 
systems by simply changing the composition of the various components therein. . 

35 The jet ink of to the present invention contains the polymer fine particles for a jet ink incorporating a colorant 
according to the present invention, water which serves as the main solvent, and, when necessary, a drying inhibitor to 
prevent drying thereof. This drying inhibitor basically prevents drying of the ink at the injection nozzle opening of the ink 
jet. Normally, any such substance with a boiling point at least equal to that of water can be employed. In addition, with 
regard to the water serving as the main solvent of the ink for use in an ink jet, in order to avoid blinding of the nozzle, 

40 use of water comprising a grade equal to at least that of filtered, ion-exchange water is preferred. 

As the aforementioned drying inhibitor, it is possible to use solvents that are conventionally employed in inks for ink 
jets, for example, polyhydric alcohols such as ethylene glycol, diethylene glycol, polyethylene glycol, glycerin and the 
like, pyrrolidones such as N-methyl-2-pyrrolidone, 2-pyrrolidone and the like, amides, dimethyl sulfoxide, imidazolidi- 
none and the like. However, the drying inhtortor is not limited to the aforementioned. 

45 The usage amount of the drying inhibitor differs according to the type used, however, normally the usage amount 
is appropriately selected from the range of 1 ~ 1 50 parts by weight per 1 00 parts by weight of water. In addition, in order 
to enhance the penetration of the ink into the paper onto which it has been jet-injected and adhered, it is also possible 

to add, when necessary, a water-soluble organic solvent which imparts penetrating properties to the ink. - ■ 

As this agent for imparting penetrating properties to the ink there can be mentioned tower alcohols such as ethanol, 

so isopropyl alcohol and the like, glycol ethers such as diethylene glycol n-butyl ether and the like. However, the aforemen- 
tioned agent for imparting penetrating properties is not limited to these compounds. Similarly, the usage amount of the 
agent for imparting penetrating properties is not particularly limited, as long as the amount is within a range capable of 
achieving the desired effects with regard to the present invention. A usage amount which will comprise 0.1 ~ 10% by 
weight of the resultant jet ink is, however, prefened. 

55 Furthermore, when particularly desirable, it is also possble to add various additives as necessary, e.g., water-sol- 
uble resins such as acrylic acid resins, polyvinyl alcohols and the like; alkali pH conditioners such as sodium carbonate, 
potassium hydroxide, N-methyWiethanolamine, triethandamine and the like; acidic pH conditioners such as acetic acid, 
glycoiic acid and the like; anionic or nontonic surface active agents for enhancing dispersion, defoaming or penetration 
to the paper; antiseptics or anti-mildew preservatives such as sodium benzoate, sodium dehydroacetate. sodium 2-pyri- 



10 



EP 0 732 381 A1 



dinethiol-1 -oxide, and the like; chelating agents such as ethylenediamine tetra acetic acid • tetra sodium salt, and the 
like. Generally, the addition amount of these additives is within the range of 0.01% to a few percent. 

In the following, the present invention will be explained in greater detail by means of the Reference Examples and 
Examples. Hereafter, unless noted otherwise, the terms "parts" and "%" represent the weight standard (i.e., parts by 
weight or % by weight). 

Reference Example 1 

(Preparation of a polyol (A) with ion-forming properties) 

62 parts of 2,2<limethylolpropionic acid, 156 parts of isophorone diisocyanate, and 200 parts of ethyl acetate were 
placed into a flask, and the temperature was raised and maintained at 80°C for 4 hours while stirring under a nitrogen 
seal. After the reduction of the isocyanate group content disappeared, the temperature was lowered to 50°C, 582 parts 
of "Placcell 212" (polycaprolactonediol; average molecular weight = 1250 manufactured by Dicel Chemical Industries, 
Ltd.) were added, and the mixture was allowed to react for 2 hours at 80°C 

After elimination of the isocyanate group was confirmed by means of infrared-absorbing analysis (hereafter 
referred to as "IR"), the target resin was obtained with a non-volatile content of 80%, solution acid value of 26, solution 
hydroxyl group value of 26, and a Gardner viscosity at 25°C of Z6. This resin was labeled P0-1 . 

Reference Example 2 

(Preparation of a polyol (A) with ion-forming properties) 

Initially, a mixture was prepared from 250 parts of styrene, 157 parts of methyl methacrylate, 63 parts of p-hydrox- 
y ethyl methacrylate, 30 parts of methacrylic acid, and 8 parts of "Perbutyl O" (tert-butyl peraxyoctate manufactured by 
Nippon Oil & Fats Co., Ltd.). 75 parts of this mixture were then placed with 500 parts of methyl ethyl ketone (MEK) into 
a flask and maintained at a temperature of 75°C for 30 minutes while stirring under a nitrogen seal. The remaining por- 
tion of the mixture was then added dropwise over a period of 2 hours, and further allowed to react for 12 hours at the 
same temperature to yieW the target resin comprising a non-volatile content of 50%, solution acid value of 20, solution 
hydroxyl group value of 25, and a viscosity of Z. This resin was labeled PO-2. 

Reference Example 3 

(Preparation of a polyol (A) with ion-forming properties) 

1 23 parts of 1 ,6-hexanediol, 83 parts of neopentyl glycol, 424 parts of adipic acid, and 71 parts of 2,2<Jimethylol- 
propionic acid were placed into a flask and maintained at 1 50°C for 2 hours. The ester rf cation reaction was then carried 
out by means of increasing the temperature to 230°C over the course of 5 hours, and then maintaining the same tem- 
perature for an additional 8 hours. 

Subsequently, the temperature was lowered to 50°C, and 300 parts of MEK were added to produce the target resin 
comprising a non-volatile content of 70%, solution acid value of 40, solution hydroxyl group value of 44, and a Gardner 
viscosity at 25°C of Z2-Z3. This resin was labeled PO-3. 

(Poly isocyanate cc>mpound) 

As the polyisocyanate compound, the following two types of compounds were used. 

(1) The solid content of "Burrock DN-950" (hexamethylene diisocyanate adduct-type polyisocyanate resin; solid 
content reduced isocyanate group concentration = 16.8%; produced by Dainippon Ink and Chemicals, Inc.). This 
compound was labeled PM. 

(2) "Bur nock DN-980S" (isocyanu rate-type polyisocyanate resin formed by using hexamethylene diisocyanate; iso- 
cyanate group concentration = 21.0%; produced by Dainippon Ink and Chemicals, Inc.). This compound was 
labeled PI-2. 

Example 1 

After 18.8 parts of C.I. Solvent Black 43 (produced by Hodogaya Chemicals Co., Ltd.) were dissolved in 136 parts 
of methyl ethyl ketone (MEK), 146 parts of PO-1 and 7.5 parts of TEA were mixed in. In addition, 41 parts of PI-2 and 
0. 1 parts of dbutytbn dilaurate were also mixed therein to produce an organic phase. This organic phase was then intro- 
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duced gradually into an aqueous phase formed from 628 parts of water and stirred well by means of a stirring apparatus 
to form a dispersion. 

Subsequently, an aqueous solution comprising 31 parts of water and 3.5 parts of diethyl enetriamine was gradually 
introduced to the above dispersion and stirred for 30 minutes. After maintaining the resultant mixture at 80°C for 1 hour, 
vacuum distillation was performed at the same temperature to remove the MEK and the like contained in the dispersion 
fluid. 

The resultant fine particle dispersion exhibited a non-volatile content of 25% and an average particle diameter of 
0.09 \wr\ according to a particle size distribution measuring apparatus "Photal LAP -3000/31 00" (particle size distribution 
measuring system manufactured by Otuka Electronics Co. .Ltd.). [Note: hereafter all measurements of the average par- 
ticle diameter were conducted in the same manner using the aforementioned apparatus]. In addition, the particle size 
distribution at m value of shape parameter according to the Weibull distribution (hereafter referred to as "m-value") was 
1 .9. This fine particle dispersion was labeled MG-1 . 

Example 2 

With the exception of dissolving 42.2 parts of C.I. Solvent Black 43 in 136 parts of methyl ethyl ketone (MEK), 
Example 2 was performed in an identical manner to Example 1 to produce a fine particle dispersion comprising a non- 
volatile content of 25%, an average particle diameter of 0.21 fim, and an m-value of 1.6. This fine particle dispersion 
was labeled MG-2. 

Example 3 

Example 3 was performed in an identical manner to Example 1 with the exception of the following: 1 7.3 parts of C.I. 
Solvent Black 43 were dissolved in 63 parts of methyl ethyl ketone (MEK); 206 parts of PO-2, 59 parts of PI-1 and 4 
parts of TEA were added to form the organic phase; the aqueous phase comprised 621 parts of water; and the aqueous 
solution was formed from 43 parts of water and 4.7 parts of diethyl enetriamine. As a result, a fine particle dispersion 
comprising a non-volatile content of 25%, having an average particle diameter of 0.12 \ur\, and an m-value of 1 .5 was 
obtained. This fine particle dispersion was labeled MG-3. 

Example 4 

40 parts of "MICROPK3MO WMBK-5" (produced by Oriental Chemical Industries, Lid.) and 137 parts of PO-3 were 
mixed while stirring, and then heated to 60°C under reduced pressure to remove the water and MEK. 194 parts of MEK 
and 1 1 parts of TEA in addition to 58 parts of PI-2 and 0.1 parts of dibutyttin dilaurate were then uniformly mixed to yield 
the organic phase. This organic phase was then introduced gradually into an aqueous phase formed from 644 parts of 
water and stirred well by means of a stirring apparatus to form a black-colored dispersion. 

An aqueous solution formed from 25 parts of water and 2.8 parts of hydrazine was then introduced into this disper- 
sion and stirred for 30 minutes. After maintaining the resultant mixture at 80°C for 1 hour, vacuum distillation was per- 
formed at the same temperature and the solvent was remove to yield a black-colored fine particle dispersion comprising 
a non-volatile content of 25%, an average particle diameter of 0.32 \im, and an m-value of 1 .5. This fine particle disper- 
sion was labeled MG-4. 

Comparative Example 1 

1 0 parts of C.I. Solvent Black were dissolved in 90 parts of MEK, and a black-colored dispersion comprising a non- 
volatile content of 10% was obtained. This fine particle dispersion was labeled MG-5. 

Comparative Example 2 

After 10 parts of C.I Solvent Black 43 were dissolved in 50 parts of MEK, 225 parts of "WatersoJ S-744" (water- 
soluble acrylic resin; non-volatile content = 40% produced by Dainppon Ink and Chemicals, Inc.) were mixed in. In addi- 
tion, 500 parts of water were also mixed therein and vacuum distillation was performed at 80 °C to remove the solvent 
to yield a black-colored fine particle dispersion comprising a non-volatile content of 25%, an average particle diameter 
of 0.32 fim, and an m-value of 1 .2. This fine particle dispersion was labeled MG-6. 

Inks for use in a ink jet were then formed in the following manner using the black-colored fine particle dispersions 
obtained in Examples 1 ~ 4 and Comparative Examples 1 and 2. These inks were then compared, the results of which 
are summarized in Table 1 . The evaluation test items as well as the outlines for each test are also described below. 
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(Preparation and Printing of the Ink) — 

20 parts each of glycerin and water were Wended into 60 parts of each black-colored fine particle dispersion which 
had been previously passed through a millipore filter of pore diameter 1 .0 nm. The resultant mixture was then stirred to 
produce a jet ink for evaluation. Each resultant ink was then applied to PPC paper manufactured by Fuji Xerox Co., Ltd., 
to print characters by means of a piezoelectric-type ink jet printer (K3-735 produced by Sharp Corporation). ^ 

Storage Stability: Each respective black-colored fine particle dispersion was placed into a 1 00 cc glass bottle, 

and the precipitation state after allowing to sit for 30 days at 40° C was evaluated by obser- 
vation. 

Shelf Drying Properties: The ink was dripped onto a slide glass and the drying characteristics upon evaporation of 
the water content were evaluated. 

Spotting: The printed matter was placed under a magnifying lens, and the degree of spotting of lines 

characterized by a so-called "feathering pattern" was evaluated. 

Water Resistance: The external appearance of printed matter, onto the surface of which water was dripped, 

was evaluated. 

The standards for evaluating each of the aforementioned characteristics is described below. 

© Good 

O Moderately good 

a Only slight abnormalities present 

X Partial abnormalities present 

XX Undesirable abnormalities present 



Table 1 



Manufactured Ink 


Storage Stability 


Shelf Drying Properties 


Spotting 


Water Resistance 


MG-1 Ink 


© 


® 


® 


® 


MG-2 Ink 


O 




® 


® 


MG-3 Ink 


© 


® 


® 


O 


MG-4 Ink 


© 


o 


© 


© 


MG-5 Ink 


© 


o 


XX 


XX 


MG-6 Ink 


O 


o 


X 


X 



Claims 

1 . Polymer fine particles for a jet ink characterized in that each polymer fine particle contains a colorant; said polymer 
fine particles have an average particle diameter in the range of 5 to 700 nm, a maximum particle diameter of at 
most 1000 nm, and a particle size distribution, at m value of shape parameter according to the Weibull distribution, 
of at least 1 .3; and said polymer fine particles are able to form a coating film at room temperature. 

2. Polymer fine particles for a jet ink according to Claim 1, wherein said polymer fine particles are insoluble in an 
organic solvent. 

3. Polymer fine particles for a jet ink according to Claim 2, wherein said organic solvent is acetone. 
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4. Polymer fine particles for a jet ink according to one of Claims 1 to 3, wherein each polymer fine particle possesses 
a cross I inked molecular structure. 

5. Polymer fine particles for a jet ink according to one of Claims 1 to 4, wherein each polymer fine particle is spherical. 

6. Polymer fine particles for a jet ink according to one of Claims 1 to 5, wherein each polymer fine particle is a ure- 
thane-based fine particle. 

7. Polymer fine particles for a jet ink according to Claim 6, wherein said ur ethane-based fine particle contains mole- 
cules having substituents capable of forming an ion pair. 

8. Polymer fine particles for a jet ink according to one of Claims 6 and 7, wherein said urethane-based fine particle is 
obtained by means of reacting a polyol (A) having a substrtuent capable of forming an ion pair, a polyisocyanate 
(B), and a polyamine (C). 

9. Polymer fine particles for a jet ink according to one of Claims 6 to 8, wherein said urethane-based fine particle con- 
tains a poiyurethane polyurea structure. 

1 0. A process for producing polymer fine particles of Claim 6 for a jet ink, characterized by comprising the steps of: 

preparing a mixture of a polyol (A) having a substrtuent capable of forming an ion pair and a colorant; and 
preparing urethane-based fine particles using said mixture. 

1 1 . A process for producing polymer fine particles of Claim 8 for a jet ink, characterized by comprising the steps of: 

preparing a mixture of a polyol (A) having a substrtuent capable of forming an ion pair and a colorant; 
preparing an organic phase by mixing said mixture and a polyisocyanate (B), in the presence of a non-reac- 
tive solvent; and 

preparing urethane-based fine particles using said organic phase and a polyamine (C). 

12. A process for producing polymer fine particles according to Claim 1 1 , wherein molecules of polyol (A) contain car- 
boxyl groups. 

13. A process for producing polymer fine particles according to Claim 11, wherein said polyisocyanate (B) has the 
equivalent weight of at least 1 .0 with respect to the sum total of the equivalent weight of hydroxyl groups in said 
polyol (A) and the equivalent weight of amino groups having active hydrogens in said polyamine (C). 

14. A process for producing polymer fine particles according to Claim 12, wherein said polyisocyanate (B) has the 
equivalent weight of at least 1 .0 with respect to the sum total of the equivalent weight of hydroxyl groups in said 
polyol (A) containing a carboxyl group, and the equivalent weight of active hydrogens in said polyol (A) containing 
a carboxyl group and said polyamine (C). 

15. A process for producing polymer fine particles according to Claim 14, wherein said carboxyl group is neutralized 
with a base to form a salt. 

16. A jet ink characterized by comprising said polymer fine particles of one of Claims 1 to 9. 
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